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Background

In 1988 the U.S. Departrnent of Commaerce,
National Oceanic and Atmospheric Administra-
tion (NOAA initiated a Coastal Ocean Program
(coP with management initiatives designed to
rsfocus its activities to suppont three program
slernents: ) prediction ot coastal ocean degra-
dation and poflution; 2) conservation and mana-
gement of living marine resources; and 3)
protection of e and property in the coastal
region of the United States. The overall COP has
a national rather than regional focus. The pro-
grams that have evoived under the aegis cf the
COP are listed below, and are described in more
detail by U.S. Department of Commerce (1990):

- Estuarine Habitat Program - designed to
evaluate the functional role of estuarine and
coastal habitats in supporting living marine
resources and to determine the extent of and
rates of change of these habitats.

- Nutrient Enhanced Productivity Program -
designed 1o address nutrient overenrichment
in coastal waters of the u.S.

- Coastal Fisheries Ecosystemn Program - de-
signed to determina how natural environmen-
tal vasiability influsences the productivity of
coastal and estuarine living marine resour-
ces.

- Toxic Chemical Contaminants Program -
designed to evaluate the cumuiative degra-
dation of coastal organisms, sediment, and
water by mixtures of toxic ¢hemicals.

- Physical Impacts Program - designed to
address the impacts of episodic and persis-
fent alteration of coastal systems on marine
resources.
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The cop Estuarine Habitat Program

The Estuarine Habitat Program (EHP) of the
COP was established because esiuaries and
their associated coastal systems are extremely
valuable components of the marine environ-
ment and are being impacted by man-induced
stresses with resuliing iossas of living marine
rescurces. Two thirds of the Nation's commer-
cial and recreational marine fisheries harvest is
estuarine dependent. In fact, astuaries provide
food, shelter, migratory pathways, end spa-
wning grounds for over 70 % of the commercial
fisheries landed in the United Statas. These
were worth $ 5.5 billion to the Gross National
Product in 19886. In addition, recreational fishing
generates annual expenditures of over $13.5 bi-
Ikon, while contributing significantly to the qua-
lity otlite for (7 mitlion anglers (Mager and Thayer
1988, NMFS Operational Guidance 1990).

As human pepuilations increase in the coastal
region estuanes ars placed under increasing
prassure. They are fringed with cities and atten-
dant industries, they serve as transportation co-
rriders, recreational sites, and dumping
grounds for society's waste products, Excess
nutrients may alter estuaring food webs or lead
to conditions that reduce oxygen leveis in the
water column. Toxic compounds, including ha-
logenated and petroleum-hydrocarbons, occur
in fishes and sediments in concentrations wa-
rranting concem. Various pathologies in fishes
and crusiaceans have been linked with waters
receiving agricuitural drainage or effiuent from
heavily industrialized areas. Less dramatic but
equally insidious are changes in the clarity and
volume of water reaching estuarine habitats
(Kenwonhy et al. 1988, 1989 and references cited
therein). Silt and particulates from dredging,
upstream erosion, or eutrophication reduce the
intensity of light reaching estuarine vegetation,
The upstream with drawal or addition of large
quantities of water in association with domastic,
industriel, andfor agricuitural uses also may dis-
rupt estuarine habitats and the organisms they
support.

The United States House Committee on Mer-
chant Marine and Fisheries recantly issued a
report entitied “Coastal Waters in Jeopardy: Re-
varsing the Decline and Protecting America’s
Coastal Resources™. The report states:

“The evidence of the decline in the environ-
mental quelity of our estuaries and coastal wa-
1ers is accumulating steadily, The toll of neary
four centuries of human activity becomes more
and more clear as our coastal productivity decli-
nes, as habitats disappear, and as our monito-
ring systems reveal other problems... The
centinuing damage to coastal resources from
pollution, development, and natural forces rai-

ses serious doubts about the ability of our as-
tuaries, bays, and near coastal waters t0 survive
these stresses. If we fail to act and if current
trends continue unabated, what is now & se-
rious, wide spread collection of problems may
coalesce into a national crisis by early inthe next *
century”.

It is the vegetated wetlands in estuaries (ssa-
grasses, salt marshes and mangroves) that pro-
vide the refuge, food resources and nursery
areas for a majority of commercially i ,
estuarine species (&.g., Peters etal. 1979, Fergy-
sOn ot &/, 1980, Kenworthy et a/, 1988, Short et a/,
1989). However, more than haif of the original
acreage of coastal wetiands of the United States
has been iost, and the rade of loss appears tobe
increasing (Tiner 1984, Kean et al. 1988). Thys,
California has lost 87% of its original 3,5 million
acres of coastal wettands. Dramatic deciines
have also baen cbserved in Florida and in the
submerged seagrass beds of Chesapeake Bay.
In the southeastern United States, where astua.
rine-dependence of fisheries is greatest, the loss
of coastal wetlands is most pronounced. Loui-
siana alone is losing S0-60 square miles of
wetlends annually. Loss of coastal wetiands re-
suits in decreased yields of those species de-
pendent on these habitats. There has been a
decline in fish and shelffish harvests of 42% in
the southeastern U.S. since 1982; a 66-96% de-
cline in shad, striped bass and river herring in
the Chesapeake Bay; a 65% decline in saimen
in Califomia; and a 60-80% dacline in stripad
bass in San Francisco Bay, all concomitant with
losses of habitat and diversions of fragshwater to
coastal areas. Thus, the President of the United
States has declared a "no net loss™ policy forthe
Nation's wetlands.

NOAA has resource management responsibi-
lities for the nation’s living marine resources
throughout thair range. Accordingly, NOAA is
charged with ensuring the continued producti-
vity of the habitats that support these commer-
cially imponant species.

The EHP, initiated a 1989, focuses special
aftention on seagrass and saitmarsh-domineted
wetlands, and linkages among these and other
habitats, because of their importance to the
production of living marine resources. Federal
and state habitat managers need more quant-
tative information on the functional mechanisms
by which wetlands suppaort living marine resour-
ces. Managers need to know the location, ex-
tent, and rate of Ioss or modification of existing
wetlands. Finally, managers need to know how
to restore and/or create these habitats more
sffectively. Information on which t¢ base mana-
gement dacisions must be easily avaitable in the
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form of “..accurate maps depicting where
wetlands exist, [and]...information banks contai-
ning the resulis of research on the functioning
of wetlands, and on restoration and creation
efforts (Kean stal., 1988)." Accordingly, the three
basic and interrelated objectives of the EHP are:

1. To determing how coastal and estuarine
habitats function to support living masine resour-
ces. This includes research on factors causing
habitat degradation and loss, as well as on
methods for habitat restoration,

2. To determine the location and extent of
critical habitets and the rate at which these ha-
bitats are being changed or lost. This includes
sateliite, asrial photo-graphic, and surface level
surveys 10 map habitat location and extent, and
to determine change through time,

3. Tosynthasize the new and existing informa-
tion in the form of mechanistic models of habitat
function of use to managers in protecting, con-
serving, and restoring critical habitats.

Details on the specifics of the EHP research

ogram elements are available from the U.S.
Department of Commerce, NQAA Copsta!
Ocsan Program Office, Washington, D.C.
20230.

While the initial effort of the EHP has been on
seagrass &xd salt marsh habitats and their res-
toration, the EHP has organized workshops to
bring scientists and managers together to pro-
vide recommendations on future directions of
the research program. One such workshop was
convened in St. Petersburg, Florida, in 1989, to
develop an outiine on research and information
needs cn mangrove habitats in the U.S. The
senior author of this paper (GWT) serves as the
co-chairman of the Technical Advisory Panel of
the Estuarine Habitat Program, and the co-eu-
thors of the paper (RRT, SCS, and PFS) served
as acadsmic and U.S. Federal workshop coor-
dinators Others who contributed to the work-
shop results and their affiliations are listed
below:;

- Carole Mcivor

Florida Co-op Fish & Wildlite Unit
University of Florida

Gainesville, FL. 325t

- Paul Carison

Florida Departmant of Natural Resources
2734 Bayside Dr. S.51. Petersburg, FL 33705

~John Day, Jr.

Center for Wetland Resources
Louisiana State Liniversity
Baton Rougs, LA 706804

-Laura Yarbro

Floride Department of Natural Resources
2734 Bayside Drive S,

St. Petersburg, FL 33705

~Jack Fell

ASMAS

University of Miami

4800 Rickenbacker Causeway
Miami, FL. 33149

Gitberto Cintron
493 William Jones
Sen Tarce

Puerto Rico 00815

~James Tilmarn
Everglades National Park
PO. Box 279
Homestead, FL 33030

-Andreas Mager

NOAA/NMFS

Habitat Conservation Division
98450 Koger Boulevard
Petersburg, FL 33702

The following represents the recommende-
tions from this group of scientists and managers
to the NOAA Coastal Ocean Program'’s Estuarine
Habitat Program should the EHP fund an effort
directed at mangroves in coastal areas of the
United States

Recommendations to the NOAA Coastal Ocean Program’s
Estuarine Habitat Program for Research Directions on Mangroves

introduction

Mangroves are a dominant wetland type in the
southeastem U.S. They also are found in lesser
- @mounts in other araas of the country and its
trust territories. Collectively, four species (red,
black, white, and buttonwood mangroves) com-
prise the “mangrove” forests.

These species singularly or in combinations
cccupy wide ranges in the coastal zone from
regularly fiooded tidal regimes to higher eleva-

tions that may receive tidal waters only several
times per year or during stom events. In spite
of their extant, the functional roles of mangroves
in supporting primary and secondasry producti-
vity in coastal waters, white believed to exist, are
poorly understood, Some roles ars apparent
{a.g., habitat afforded by red mangrove prop
roots), but other attributes such as snergy fiow,
linkages to fishery rasources, weter quality
maintenance functions, etc., have baen inade-
guatety studied or remain undefined.
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It is criticai to understand what roles mangro-
ves play in the environment and what products
and services (e.g., fishery production, nutrient
cycling, storm and wave attenuation} that the
different mangrove habitats provide, This need
anses because mangroves are under the same
pressures as the more widely distributed sait

.marshes and seagrasses, i.e., direct loss or
alteration of mangrove habitat by human deve-
iopment and indirect alteration from varied
landward and seaward activities. In the last cen-
tury many of the estuaries in the southeastern
US. already have lost more than half of the
mangroves that once existed. Mangroves are
also a fragile habital that can be lost to natural
events. Examples include the destruction of

mangroves in Puerto RICo and the Virginslands
by Hurricane Hugo in 1989 and periodic freeze
damage in Florida. _

Losses of mangroves continue and effonts ap
conservation and replacement have mat with
variable success. Indeed, mangrove restoration
projects are widespread, even though functio-
nal values of these projacts in relation to natyra]
forests are unknown and litte follow-up hag
been accompiished to determina relative syc.
cess. Current projections from global change
research envision global warming and sea laye|
rise that will contribute to great changes in man-
grave forest acreage in the Guif and southess-
tern LS. in the next certury.

Management and Research Issues

Mangroves occur along the coastlines of all
Gulf coast states, Puerto Rico, and the U.s. Virgin

Isiands; small areas of introduced species are

aiso present in southem Calfomia and in Ha-
waii. The largest regional areq, encompassing
some 250,000 hectares, occurs in south Flori-
da. Whereas much of the total U.S. mangrove
forast area is protected under the jurisdictions
of parks, sanctuaries and refuges, this coastal
resource is being progressively diminished by a
varisty of natural and anthropogenic actions.
Thess include such phenomena &s: (1) removal
for coastal development, (2) deprivation of
freshwater from upland watersheds, (3) severe
freezes such as occurred in Dacember of 1989,
(4) clearing for charcoal production, (5) oil spills
and water pallution, (8) competitive exclusion by
exotic tree species, (7} illegal cutting or removal,
(8) coastal erosion, and (9) mosquito control
activities,

As aresult of the progressive loss in vegetated
area and in the corrasponding functional diver-
sity, the life suppon base for many nearshore
fisheries is being increasing placed at risk. This
occurs through the ioss of physical habitat and
the vanety of food webs which are based on 1)
the enrichment and dispersal of mangrove leaf

debris and dissolved organic matter and 2)
associated algal and phytopiankton production,
This affects both nearshore pelagic and demer-
sal fisheries, as well as a number of high-vajue
benthic-feeding crustacean and mollusc spe-
cies. Aiso at nsk are the benefits that healthy
meangrove vegetation provides through physical
shoreline protection and the maintenance of

‘nearshore water quality,

Whoereas no direct measures {other than ad-
vance planning) can be taken t0 prevent habitat
losses due to increasing climatic extrernes and
the projected rise in sea level, there are measu-
res that can be taken on the basis of a much
impraved data and information base. This is
based on the recognized fact that protective
regulatory policias are best implemented when
there is a factual basis. Accordingly, this report
identifies a variety of actions and habitat altera-
tions affecting the integrity of the mangrove
ecosystern, and offers a priority listing of re-
search initiatives o strengthen the information
base. This listing also includes an cutline for the
development of performance standards for
mangrove restoration/creation projects, and a
set of evaluation criteria for incomporation in the
appropriate research projects.

Research Priorities

I. Food Webs

The prevaifing paradigm regarding food webs
of mangrave-dominated estuaries is that they
are based on the processing of mangrove detri-
tus, in the past focussing almost exclusively on
whole ieaves and large panticulate organic
matter (POM}, Racent research indicates that the
chemically-complex dissolved organic matter
{DOM} may heve squal ecciogical significance

as POM, particularty at the microbial and meio-
faunal levels. POM may serve as a source of
rapidly-reléased soluble organics and ensuing
Hocculants utilized by microorganisms and
small benthic feeders.

Large POM decomposition proceeds at a
much slower rate foliowing bacteriat nitrogen
fixation and fungal alteration of leaf and wood
carbon compounds. In $ait marsh estuaries, it
has been recently demonstrated that relative



G.W. Thayer, R.R. Twilley, 5.C. Snedaker, P.F. Shetiden

trophic impontance of marsh grasses to fitter
teaders and higher trophic levels varied both
along the length of the estuary and with the
presence/abundance of cther carbon sources
such as elgee or seagrasses. An analogous
situation may exist in mangrove estuaries.

Objective 1: To determine the comtribution of
mangroves to estuarine secondary productivity
relative to contributions from phytoplankton,
benthic micro- and macroaigae, and seagras-
ses,

Desmonstrating the linkage between mangro-
ve primary production and secondary producti-
vity is maggh priority. Food web research nesds
1o evaluate: 1) the significance ot DOM in sustai-
ning an altarnate food web based on heterotro-
phic organisms and provision of flocculants 1o
benthic feeders, including chemical signature
techniques to identity critical phylogenetic
groups, environmentally inducad shifts in those
groups, and experimental feeding/growth stu-
dies using lower trophic level invertebrates; 2)
the distribution of higher trophic level organisms
in various mangrova habitats in relation to gut
content analyses; and 3) the use of food web
tracers such as stable isotopes.

l. Productivity / Structure

Little effort has been devoted to under-
standing the relationships between structural
and functional attributes of mangrove commu-
nities and how these change during stand de-
velopment. Canopy size, leal biomass, stand
density and biomass, assimilation procucts and
production rates all vary over time and likely
affect the quality and quantity of exportable ma-
terials. The relative roles of sedimemnt charac-
teristics such as salinity, sulfides, watar logging,
nutrients and bioturbation as factorg influencing
rnaggrove productivity are also poorly unders-
tacd.

Objective 2: To azsess the relationships be-
tween mangrove community Structure, environ-
mental factors and productivity.

Characterization of the dynamic nature of
mangrove productivity is essential in determi-
ning the influence of mangroves on the produc-
tivity of adjacent coastal habitats, Research is
necessary o address those factors controiling
the internal structure and function of maturing
mangrove stands. In addition, it is racommen-
ded that the Coastal Ocean Program's Habitat
Mapping component develop protocols that will
enable characterization of forest structure, suc-
Ccessional status and type.

Mangroves are a subset of the suite of coastal
Primary producers, but they may directly in-
fluence primary and secondary productivity in
adjacent waters, The proportional contribution

of mangroves to the total primary production of
any given estuary is poorly known, as is the
latitudinal variation in proportional production in
arange of mangrove estuaries. In addition, ma-
terials exported from mangroves may stimulate
or rediuce both primary productivity in adjacent
habitats and faunal utilization.

Objective 3: To determine the relative contri-
butions of mangroves, phytoplankton, benthic
micro- and racroalgae, and seagrasses to es-
tuarine primary praductivity and how mangrove
materials affect the productivity of adjacent wa-
ters. .

Priority research will address: 1) quantification
of the rates of primary production of the plant
community components within and among es-
tuaries; 2} mechanisms and overall effects of
exported mangrove materials, such as nutrient
arsichment, stimutation of regenaeration, stimu-
lation/ inhibition of equatic primary productivity
by lignins and tannins, increased taunal utiliza-
tion of mangrove habitats, and how these are
influenced by hydroiogical regimes; and 3) de-
velopment and testing of a predictive model of
the factors that control primary preduction in
mangrove estuaries,

Objective 4: Determine acological processes
associated with recovery and succession of
mangrove ecosystems.

The restoration and creation of mangrove ha-
bitats depends on fundamental informmetion con-
ceming processes that control the recruitment
and establishment of mangrove trees in coastal
anvironments, There is very iittls understanding
of the relative role of gap dynamics and edaphic
factors as agents in growth and dynamics of
mangraves. What sre natural recavery rates of
mangrove scosystems following natural and hu-
man induced afterations? How can ecosystem
regeneration be enhanced by site improve
ments such as seeding, removal of woody de-
bris, and changes in elevation? What are the
relative impacts of perturbations such as humi-
canes, freeze, introduction of exotic species,
and toxic materiais on the succession of man-
groves? The goal of this research objective is to
establish canstruction guidelines for site impro-
vements and initial conditions that will tead to
specific succaessional patterns in restoration of
damaged mangrove ecosystems.

Mangroves are particularty vulnereble to da-
mage from hurricanes including defoliation and
uprocting. Recovery from hurricane damage in
mangroves has been slower than upland fo-
rests. Changes in productivity and r
patterns in different forest types must be docu-
mented and studied. Mangroves may be pertur-
bation-depandent systoms, yet this does not
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mean that natural regeneration occurs ai rapid
rates, What and how can these factors be mani-
pulated to enhance recovery rate of mangroves
damaged by hurricanes?

There are preliminary models of mangrove
zonation and succession that may have appiica-
- tion to the restoration of mangrove habitats. In
addition, mapping efforts may contributeto long
term understanding of successional patterns of
mangrove vegetation. :

Objective 5: To determine the significance of
hydrology on successional patterns in mangro-
ve habitats. Hydrologic trends should include
both long-period climatic oscillations and large
scale regional analyses.

Mangraves occupy environments subject to
changes in water level which are dependent on
balance of tides, upland runoff, river discharge
and precipitation. Throughout the development
of the stand, structural and functional charac-
teristics are influenced or determined by hydro-
logy. The close coupling of mangroves to other
hydrologic units in the iandscape suggests that
alterations in regional hydrology may induce
changaes in mangrove vegetation and functional
patterns. Mangrove areas in arid environments
fluctuate in size as & response to soil salinity.
Cyclic patterns in rainfall (periods of prolonged
drought) have been cited as causal egents of
massive tree monalities,

lil. Habitat Utilization

Past research on the importance &f mangrove
habitats for fishes and inventebrates has fo-
cussed primarly on fringing red mangroves.
Whereas the subtidal habitat of mangrove-lined
tidal creeks and bays is relatively easy to sam-
ple, the densely vegetated intertida! habitats of
red, black and white mangroves has prevented
all but a few quantitative evaluations of fish and
invertebrate usage patterns. This is panicularly
true of the poorly-researched white mangrove,
which appears to have alower salinity tolerance,
a higher tolerance of anoxic sediments, high
growth rates, large leat litter production (fate
unknown), and thus a weli-defined niche in the
mangrove community mosaic. Each habitat
type may export DOM that generates chemical
cues regulating the presence/absence and
abundance of estuarine organisms and thus the
predictable spatial and temporal patterns of ma-
rine life. .

Determining the types and numbers of orga-
nisms that exploit these habitats, the functional
aspects of habital usage, and how mangrove
carbon is transferred to higher trophic levels is

—

critical. These data will permit analysis and mg.
deling ofthe linkages between variations in man.
grove productivity {natural and hum_an-indugad)
and variations in faunal abundance, particularly
of fishery organisms. B

Objective 8: To quantify the direct utilization
and ecological functions of mangrove habitals
for estuarine fishes and invertebrates over 4
range of forast types and tidal/hydrological regi-
mes. :

Pricrity research will address: 1) developing
quantitative sampling methodology .for various
forest types and conducting intercalibration of
methods; 2) comparing spatial and tempora|
variation in habitat use by fishes and invertebra.
tes, particularty in relation to critical water levais
that permit access; 3) comparing food/feeding
ecology and refuge potential in each habitat:
and 4) contrasting these patterns and functions
among mangrove, emergent marsh, seagrass
and non-vegetated habitats.

IV. Nutrient Cycling

Objective 7: Determine the function of man-
groves in maintaining water quality of estuarine
ecosystems.

Mangroves- may influence nutrient dynamics
and associated coastal ocean productivity by
either removing or contributing primary nutrients
to coastal ecosystems. The mass balance
approach has been used to determine whether
wetlands are either a source of sink of nutrients
to the coastal zone. Howevsr, there are no pub-
lished studies of nutrierit budgets for mangrove
ecosystems, The application of exchange te-
chniques to determine the flux of nutrients in
mangrove ecosystams should be investigated.
The roles of burial and denitrification as pro-
cesses associated with the fate of increased
levels of nitrogen in the coastal zone are of
particular importance.

The rote of storms as mechanisms that redis-
tribute nutrients and materials should be as-
sessed, The pulsed nature ot exchange should
be evaluated as to influence on nutrient and
organic matter dynamics of coastal ecosys-
tems.

Objective 8: To determine processes associa:
ted with immobilization of nutrients within man-
grove ecosystems such as microbial
decomposition/enrichrment processes and recy-
cling.

The nutritionally important aspect of particula-
te litter decomposition is nitrogen enrichment,
which is postulated to result from bacterial nitr>-
gen fixation coupled with fungal alteration of ieaf
carbon compounds. Together with retransioca:
tion of nutrients in the forest canopy, these pro-
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cesses provide primary nutrients for the produc-
tivity of mangrove ecosystems. These pro-
cesses may be important relative to exchange
in maintaining the fertility of mangrove eco-
systems.

V. Restoration / Succession
of Damaged Ecosystems

Objective9: To determine the effactiveness of
mangrove restoration/creation/mitigation pro-
jects in terms of mangrove community produc-
tivity and of faunal utilization patterns,

The effectiveness of restored managsment
habitats in functional equivalency to undistur-
bed mangrove habitats is poorly understood.
The time frame for reaching natural growth and
production rates has not been followed in these
constructed mangroves, nor have the time cour-
ses for development of biogeochemical cycles
and natural fish and invertebrate communities.
There exist ample sites with documented resto-
ration dates in which to conduct these multidiss
ciplinary studies, Data gathered from these
research sites can be used by management
agencies in their review of habitat alteration pro-
posais,

Objective 10: To determine effects of natural
and humen induced perturbations on microbial
decompaositionfenrichment processes.

Perturbations can alter microdial communities
and precesses,; for exampie a shik from aerobic
to anaerobic surface waters wil eliminate fungal
communities and promote bacterial anasrobio-
sis. Therefore it is important to understand how
different microbial communities function during
decompositior/enrichmaent and to evaluate va-
rious perturbations, such as natural environ-
mental changes, with the additive effects of toxic
compounds and their breakdown products.

Objective 11: Assass the significance sea-le-
vel variations as factors contributing to succes-
sional patterns and loss of mangrove habitats.

Tidal amplitude and the siope of terrain deter-
mine the intertidal area available for mangrove

establishment. Tidal looding frequency and du-
ration influence ficristic, structural and functional
patterns. Changes in tides inciude diurnal end
seasonsl water jevels, semi-annual and 18.6
year varigtions, and long-term sustatic rise in
mean sea levet. The influence of these tidal
varigtions on the structure and function of man-
groves need to be dstermined in different geo-
graphical locations.

Objective 12: To assess impacts of anthropo-
genic contaminants,

Important, expensive and being done by
others, but needs to be covered.

V1. Synthesis / Modeling

Objective 13: To develop ecological models
of mangrove ecosystems to evaluate the role of
mangroves in coastal ecosystems,

Ecological models can be used in conjunction
with fieid and laboratory approaches to obtain &
better understanding of mangrove ecosystems.
Models can be used to systematicaliy concep-
tualize ideas about mangroves and thus are a
way of hypathesis formulation and testing. Spa-
tiad models can address such questions as the
fate and effect of exported material and how
migratory organisms use mangroves. Also, eco-
logical models of succession and associated
ecological processes may assist in design of
restoration efforts of damaged mangrove eco-
systems.

Objective 14: To produce a synthesis of exis-
ting information on ecological processes of
mangroves relative 1o the key managsment
issues associated with these ecosystems.,

Scientists and managers need {o synthesize
existing knowiedge of ecological processes of
mangroves that address key management
issues of mangrove habitats. A document wilt be
prapared to aid in the svaluation of impacts ol
proposed alterations to mangrove and estuarine
habitats.

Prioritization Of Research Objectives

Because the functional linkages between
mangrove communities and other communities
are poorly understood, we place the highest
priority on topics which examine the functional

role of mangrove communities in the coastal
landscape. The role of mangroves in supporting
coastal productivity, Objectives 1, 3, 5,6, 7, 13,
and 14, are panticularly important.

Conclusions

. This set of objectives addresses management
ifermation needs on this habitat type in the
southeastern United States, and should provide

a template for research proposals elsewhere as
well. The Estuarine Habitat Program of NOAA's
Coastal Ocean Program intends 10 use the re-
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suits of this workshop to guide funding of man-
grove research in the future, particularly interms

———

of their linkages with other estuariné and coasta|
habitats.
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